hydrogen-ion concentration does actually occur in deep ether anEesthesia has been shown by an exact method (that of Dale and Evans) by Stehle, Bourne and Barbour,' as well as by other observers. Besides this increase of hydrogen-ion concentration, there is a very marked diminution in what Van Slyke called the " alkali reserve " of the blood. This diminution is, however, no evidence of increased hydrogen-ion concentration of the blood, since it occurs, as Henderson pointed out, when a state of acute alkalosis is produced by forced breathing. It is also an accompaniment of the alkalosis produced by the increased breathing caused by want of oxygen at high altitudes, in CO poisoning, &c. It seems to be produced by a purely mechanical process of equilibration of anions between blood and tissues, and may thus be caused by excessive removal of CO2 from the blood, as well as by abnormal discharge of acid into the blood, as during very excessive muscular work, or in diabetic acidosis."
its beginning, then, I must tell you that over two years ago a Committee, known as the Anaesthetics Committee, was jointly established by the Medical Research Council, which is a Government Body under the Privy Council, and the Ansesthetics Section of the Royal Society of Medicine. The Medical Research Council nominated Dr. H. H. Dale, now Secretary of the Royal Society, and Director of the National Institute for Medical Research, Professor Donnan, F.R.S., Professor of Chemistry at University College, London, and Professor Pembrey, F.R.S., Professor of Physiology at Guy's Hospital; and theAnmesthetic Section'sCouncil appointed to serve with these distinguished men of science, Dr. F. E. Shipway, Dr. C. F. Hadfield and myself. The Committee has itself co-opted Professor Storm van Leeuwen, of the University of Leyden, as a corresponding member, and Professor H. B. Dixon, of Manchester University, who was already, on behalf of the Depqrtment of Mines, working at problems closely affiliated to some which arose from the deliberations of the Committee. Of these more will be said later.
The formation of a joint conmmittee of inquiry of this kind was first suggested by two factors: first, complaints as to abnormal effects of nitrous oxide in certain cases which from time to time reached the Anesthetics Council, and secondly the fact that the " British Pharmacopceia " does not include nitrous oxide, and that therefore there were no official test of purity by which this anesthetic is to be judged in this country. Although, however, it was this state of affairs, as regards nitrous oxide, which led the aniesthetists to approach the Medical Research Council, that body not only agreed at once to the formation of a Committee, but also desired that the inquiry should be much nmore general than one confined solely to laughing gas. Accordingly the investigations pursued include also the purity of ether, the use of acetylene, ethylene and propylene, and the ignition and explosion points of general anesthetic gases either in combination with one another or with air or with oxygen. The practical importance of the last-mentioned inquiry is made evident by reports of fatal explosions in the course of anmesthesia that have taken place both in America, on the Continent, and in Great Britain. These explosions have occurred not only during the use of the newer and more explosive gases, acetylene, ethylene, &c., but also with ether, the inflammability of which has been lost sight of in some of the most modern miethods of administering this aneisthetic.
The dealings of the Committee with nitrous oxide started by an inquiry into the cases reported by Mr. Ramsey Phillips, one of the anEesthetists to St. Mary's Hospital, who has very wide experience in the use of this anesthetic in particular. This is worthy of mention because there is no doubt that in a vast number of complaints as to the misbehaviour of an anesthetic it is the anesthetist and not the anesthetic who is responsible for the unusual symptoms observed. This is, I think, especially true of nitrous oxide, which being often given for dental work by those who have little experience, is held responsible for the occurrence of symptoms which are in reality due to want of knowledge on the part of the administrator, and, I may add, to want of air or oxygen on the part of the patient. Explanations of this kind are out of court when we are dealing with cases reported by experienced and highly competent ansesthetists and it is only to cases of that nature that I shall be referring.
Quoting Mr. Phillips' report, " six patients, four women and two men, were anesthetized with the gas complained of. The gas used had a strong smell like brown potash or dirty wash-tub water. Clinically my complaint was that anesthesia could not be produced without marked cyanosis; this led me to use the conjunctival reflex as a guide, a thing I never do in the ordinary way. This particular cyanosis was unusual. Lividity, white lips, grey colour of the skin, small to medium pupils, eyeballs looking directly forwards, and convulsions quite unlike the usual jactitation. In each case I gave large quantities of oxygen when this occurred, but the recovery was very slow. In some cases I had to re-apply the gas with free supply of oxygen, as I had not allowed the operation to be commenced. Exactly the samne thing occurred. There was no observable obstruction to the air-way in any of the cases. On recovery, all the patients felt very poorly, pulse small, irregular and soft. Nos. 1 and 2 gave rise to considerable anxiety at the time. No. 3 felt really ill when there should have been no cause for it. No. 4 also. No. 5 was not a dental case, but was having her neck stretched and m-anipulated for an alleged dislocation, and the convulsions were put down by the surgeon to his manipulations, who felt rather pleased, I think. No. 6 was badly knocked out, but she was not a good subject for gas. I heard afterwards that she had had a severe cardiac breakdown after it. I have not met with this before or since. My apparatus was in good working order, and in each case there was plenty of oxygen in the oxygen bag at the end of the case. The clinical picture was quite different from the cyanosis and jactitation common in cases where most of the air is washed out of the lungs and no oxygen is given. Again there was the strong smell of the gas, and the conjunctival reflex (taken well away from the cornea) was strongly present up to a point in some cases where I had to desist, and I was unable to say that the patient would not feel the operation. No cough or sign of irritation in the air passages was present, and no nausea followed. I rather naturally dreaded to go to another gas case. I went to the makers and told them about it. While assuring me that the gas was good and normal, they showed me how to smell and taste it, and produced other gas which they acknowledged had no smell, while that which I had been using smelt strongly. I changed my stock of gas, with the exception of the two bottles I sent you. While admitting that these difficulties may have been caused by myself, I felt it would be good to find out if the gas was good for human beings or not, since there are no regulations to control the manufacture." The unused gas was sent to Dr. King-chemist to the National Institute for Medical Research at Hampstead. I should like to say here that the Committee is very greatly indebted to Dr. King for the prompt and able manner in which he has conducted many analyses dealing with nitrous oxide and also various ethers and other substances.
Dr. King reported as follows: " It was bubbled through silver nitrate solution. Passed for a long period through ferrous sulphate solution. No darkening observed as compared with control. Hence, absence of nitric oxide.
Several qualitative tests showed that, on shaking small volumes, 5 to 10 c.c. with cold water in a eudiometer, there was always a small volume undissolved. Accordingly 500 c.c. of gas were collected over water in a large corked cylinder and shaken with successive portions of fresh water until no more was dissolved. The residual volume was about 12 c.c. This was transferred to a van Slyke gas analysis apparatus and, exposed to alkaline pyrogallol, showed no appreciable change of volume. Absence of oxygen and carbon dioxide. The residual gas was not inflammable and did not support combustion.
Absence of carbon monoxide and presence of nitrogen.
Summary.-The nitrous oxide examined contained a small proportion of carbon dioxide and about 2 per cent of nitrogen."
A few days later Dr. Dale wrote as follows: " Since the last meeting, King and I have further examined the sample of nitrous oxide received from Ramsey Phillips. We passed the gas through a dilute solution of oxyhemoglobin until all the oxygen was blown out and reduction complete. The spectrum was then that of reduced hEemoglobin with bnly a single diffuse absorption band. This appears to me to exclude CO and NO beyond shadow of doubt and much more decisively than any animal test could, or any ordinary chemical test." I The details of this examination have been given both because the tests made and also the results obtained are closely paralleled by all the further investigations into samples of nitrous oxide of which complaint had been made. The noticeable fact is that in no instance was there found one of those formidable impurities, a halogen, nitric acid or carbon monoxide, to which at first sight one would naturally have attributed the unusual symptomns arising out of an inhalation of nitrous oxide in the hands of an expert administrator. The two impurities which alone figure at all frequently in the whole series of examinations are carbon dioxide and nitrogen. With regard to the first its presence has been in so small a quantity that it is hard to believe that it played any part in the production of symptoms. It was never present in as high a percentage even as that of nornmal alveolar air. The undue proportions of nitrogen require further consideration. In all cases that came before the Committee a variable percentage of nitrogen was found in the suspect gas. Among these cases was a series reported by the War Office through the Medical Research Council. The reports were similar to many others and had no feature of special clinical interest, but the gas concerned was exhaustively examined at the Government laboratory by Sir R. Robertson and his assistants and their full report was placed at our disposal. The percentage of nitrogen found in samples of the gas reached as high as 10 per cent. In many other instances we found 5 per cent. to 7 per cent. ' Proceedings, 1926, xix (Sect. AnEesth.) , p. 20.
This nitrogen must be present in the cylinders in one of three states-either it must be dissolved in the liquid nitrous oxide, or it must itself be liquid, or it must be as a gas in the free space of the cylinder above the liquid nitrous oxide. Now it does not seem likely that the admixture of a small percentage of nitrogen (say up to 5 per cent.) with nitrous oxide will have any very marked effect if that admixture is a reasonably even one. The nitrous oxide will, of course, be correspondingly weaker, but when we consider that nitrogen, by acting as an asphyxiant, would itself have a certain anaesthetic action, we should hardly expect it to be noticeably weaker. That is, of course, if it were given without much air or oxygen. The researches of Sir R. Robertson first directed the attention of the Committee to the fact that, especially with larger percentages, the admixture would not be an even one. Nitrous oxide, as we all know, is easily compressible, and becomes a liquid at a pressure of thirty atmospheres at 0°C. This fact has been largely used by the manufacturers as a test of purity. If their gas liquefies at the usual temperature and pressure, it is probably good gas. If it does not, the process has failed at some point and the gas has to be discarded. Nitrogen, on the other hand, is much less compressible and refuses to liquefy under the processes employed by the manufacturers. If, then, a sample of nitrous oxide containing a percentage of nitrogen is compressed into a cylinder, that cylinder will contain liquid nitrous oxide, while the space not actually occupied by the liquid will contain a high percentage of nitrogen in a gaseous condition. It is possible that a certain amount of the nitrogen would be actually dissolved in the nitrous oxide. As far as I can discover, we have no authoritative statement as to the solubility of nitrogen in liquid nitrous oxide. The point of practical importance is that when a cylinder containing such a mixture is opened, the composition of the gas first issuing from it will vary greatly according to the position in which the cylinder is held. If the cylinder is placed vertically with its mouth downwards (a position we anesthetists nefer adopt), the gas should be pure nitrous oxide or nitrous oxide containing only such a proportion of nitrogen as is soluble in the liquid. If the position is reversed and the cylinder held upright with the rmouth upwards, it will be the highly compressed but still gaseous nitrogen that will be tapped first, and the resulting gas will be nitrogen with a variable proportion only of nitrous oxide. With the cylinder held nearly horizontally the conditions will be much the same, but will vary according to the actual angle adopted. From this it will be readily understood that a cylinder of nitrous oxide containing an apparently harmless percentage of nitrogen may, under certain conditions, when first opened, yield a gas so rich in nitrogen as sensibly to affect its anesthetic action. It is, in fact, probable that this relatively high percentage of nitrogen is the explanation of some of the abnormal symptoms that have been reported to us.' Among other reports which reached the Committee I may mention that concerning three children who were given nitrous oxide by an experienced anesthetist at a school treatment clinic. All three showed signs of collapse without cyanosis. With the remaining patients treated from the same cylinder the anasthetist gave only half or three-quarters of his usual amount and obtained good anesthesia with normal recovery. The remaining gas was carefully examined, but was found chemically pure except that it contained some nitrogen. Professor Karsner, of the Lakeside Hospital, Cleveland, kindly supplied information relating to cases of poisoning by nitrous oxide in that hospital, which led to the installation of a complete plant for the manufacture of nitrous oxide in the hospital itself. That plan has not yet been adopted in this country and it does not seem necessary. The general purity of the gas supplied by the makers in Great Britain appears to the Committee to redound highly to their credit. Nevertheless it is obviously desirable that there should be a recognized official standard of purity for nitrous oxide and stated tests by which this can be determined, as indeed is already the custom in the United States of America and some other countries. With this recommendation in view the Committee are taking the view that samples of gas taken into the cylinder upright should contain at least 95 per cent. N20. In dealing with tests, Professors Donnan and Pembrey and Dr. Dale, with the help of Dr. Harold King, have taken the tests of the U. S. Pharmacopceia as a basis of the Committee's recommendations.
" Pass 2,000 mils of the gas, measured under normal atmospheric pressure at about 250 C., through 100 mils of barium hydroxide T.S. at a rate not exceeding 4,000 mils per hour; not more than a slight turbidity is produced (carbon dioxide).
"No opalescence is produced in a mixture of 100 mils of distilled water and 1 mil of silver nitrate T.S. by 2,000 mils of the gas under the conditions described above (halogens).
" No change in colour is produced in 100 mils of distilled water, to which F drops of litmus T.S. have been added, by the passage of 1,000 mils of the gas through the liquid under the conditions described above (acids or bases).
" No alteration in colour is produced in a solution of 0'2 mil of tenth-normal potassium permanganate V.S. in 100 mils of distilled water by the passage of 1,000 mils of the gas through the liquid under the conditions described above (reducing substances)."
Of these tests the only one which fell under criticism, as possibly unnecessarily severe, was that for carbon dioxide, Professor Pembrey maintaining that the presence of a small percentage of carbon dioxide would be advantageous rather than deleterious.
The tests do not provide adequately for the detection of nitric oxide, not specifically for nitrogen peroxide, and not at all for the detection of carbon monoxide.
For nitrogen peroxide Professor Donnan suggested that the following test should be adequate:
The baryta solution used for detecting excess of C02 should subsequently be acidulated with sulphuric acid. A drop of dilute potassium permanganate solution added to this liquid should not be decolorized. (The test would need to be given in quantitative form, and carried out against a control in which an equal quantity of baryta solution, through which no gas had been passed, would be acidulated, and similarly tested with an equal addition of potassium permanganate.)
For carbon monoxide two tests came under consideration (1) The heemoglobin test, which has been used for the Committee. It was agreed that further experiment would be needed before this test could be described in quantitative form and recommended for adoption. The available data show that not less than 0 07 per cent. of CO can be detected in air by the haemoglobin test. In this case, however, the CO is competing for hbanoglobin against 20 per cent. of oxygen. It seems likely that much smaller proportions of CO in a gas indifferent to hemoglobin, such as N20, could be detected by the production of spectral bands, permanent after the addition of a trace of sodium hydrosulphite, and therefore not due to oxygen, Such a test could be very easily carried out by anybody possessing a small direct-vision spectroscope. It would be necessary, however, to determine the limiting concentration of CO which can thus be detected.
Professor Pembrey undertook to make some mixtures of N20 with small measured proportions of C0, and to determine the smallest concentration of CO which could thus be detected.
(2) The Test using Iodine Pentoxide.--This test is said to detect as little as 0 005 per cent. of C0, or, in other words, 1 c.c. of CO in 20 litres of gas. The gas is passed through a U-tube containing iodine pentoxide heated in a water bath to 60°-70°C., and the issuing gas is passed through a solution containing potassium iodide and starch. If a blue colour is produced the amlount of iodine liberated can be determined with T3W N. sodium thiosulphate. It can be calculated that 1 c.c. of CO should liberate rather more than 2 mgm. of iodine, which would require about 25 c.c. of the thiosulphate solution. Two litres of gas, if containing 0 1 c.c. of C0, should therefore liberate an easily titratable quantity of iodine. This proportion of CO would be physiologically negligible, and the test, therefore, seems to be a perfectly efficient one. A blank control, in which the same volume of pure air was passed through the iodine pentoxide tube, would presumably serve as a preliminary. The test would be rather a cumbrous one for carrying out in an ordinary pharmacy.
Nitric Oxide.-It was thought probable that NO would react similarly to CO with the iodine pentoxide, in which case it would also be detected by the test above described. Members promised to obtain further information on this point, and Professor Donnan offered to have an experiment made. An alternative test suggested for NO was to mix the volume of gas to be tested with a suitable volume of air or oxygen, and, after allowing time for formation of N02, to pass the mixture through a solution containing potassium iodide and starch, when any NO should be detected by the liberation of iodine. The test would, of course, also detect pre-formed NO2.
Test for Proportion of N20 present.-The Committee's work has shown that the impurity most frequently responsible for trouble is nitrogen, which on compression wil tend to occur, in higher than the general concentration, in the gas in the top of a cylinder For the analysis of N20, Boothby and Sandiford's method (Amner. Journ. Physiol., 1915, xxxvii, p. 377 ) is recommended-in which the 10-c.c. gas analysis apparatus is used. 2 5 c.c. of nitrous oxide is mixed with about 7T1 c.c. of hydrogen and burnt, and the contraction of volume noted. If the gas is freed from C02 and 02 previously, the contraction gives the volume of N20 in the original sample.'
IGNITION POINTS OF ANLESTHETICS.
The exact facts relating to the ignition of aniesthetic gases are obviously of great importance to the ansesthetist whose work is often carried out in proximity to the cautery or to the electric lamp of laryngoscopes and the like, if not to actually open flames. Nevertheless, these facts have not hitherto been clearly elucidated, and the general opinion has been widespread that as long as the anesthetist avoided an open flame or a red-hot cautery his vapour could not be exploded. What must really be exploded is this opinion, for the researches of Professor Dixon have made it plain that a heat considerably less than that of a flame or that needed to make a metal red hot can ignite certain commonly used anesthetic vapours. It was the ignorance of or the neglect of this fact that led to disastrous explosions on several clinical occasions. The researches to which I have referred were conducted in connexion with ether, ethylene, nitrous oxide and propylene.
There are three methods by which the problem has been attacked: (1) by bringing a mixture of the gases with oxygen or air into contact with a heated solid-generally the inner walls of a vessel, and noting the temperature at which the gas inflames; (2) by heating the gas and oxygen separately and then bringing them together; (3) by compressing the mixture of gas and oxygen adiabatically and observing the pressure necessary to fire it. In all these methods the time factor comes in.
The method employed with anesthetic gases was that which Professor Dixon had used to determine the ignition points of methane and other gases for the Safety in Mines Research.
The apparatus consists of an upright silica cylinder, 2 ft. long and 5 in. wide, heated by an electric furnace which surrounds it. At the lower end of the cylinder, air, oxygen or other gas (such as nitrous oxide) is adtnitted at a measured rate, and is heated as it slowly passes up the cylinder, finally escaping at the top. In the axis of the furnace a narrow silica tube is fixed, opening with a 2 mm. orifice in the centre of the large cylinder. By the turn of a tap outside the gas to be ignited is admitted through this central tube and is heated to the same temperature as the atmosphere outside it before the gas and atmosphere have a chance of mingling. When the gas is turned on a small jet of gas escapes and comes in contact with the oxygen round it, a certain interval of time elapsing between first contact and ignition according to the temperature. This interval or " lag "-the duration of the pre-flame period-becomes less as the temperature of the furnace is raised, until finally it becomes half a second or less. The furnace is now allowed to cool slowly and the increasing " lags " are measured until the lag reaches ten seconds. The mean of the rising and falling temperatures registered respectively at half, one, two, three, five, seven and ten seconds' lag is taken as the ignition-point with that lag. The observations of the flame are made through a small window in the roof of the furnace.
The outer steel casing round the furnace allows the experiments to be made either at atmospheric pressure or above or below that pressure. For high pressures the cylinder is filled with oxygen from a steel bottle and the central tube is supplied from a bottle of the compressed gas.
The ignition-points of ethylene in oxygen vary with the pressure. At normal pressure the rapid ignition-point is 6040 C., a temperature at which a solid body is just visibly red in a dark room. But the gas will ignite at a lower temperature if contact between the heated gas and oxygen is maintained; such ignition occurs after one second at 5930 C., after two seconds at 584°C. and so on until, if contact is maintained for ten seconds, the gas will ignite at 5540 C. The lowest temperature I have observed for the ignition of ethylene in oxygen at normal (atmospheric) pressure is 544°C. after a lag of fifteen seconds.
When the pressure is raised above the normal the ignition-point of ethylene in oxygen falls slowlv and nearly regularly, and in this it resembles other inflammable gases. For instance, at two atmospheres' pressure the gas ignited rapidly in oxygen at 580' C., and at three atmospheres at 5570 C. The lowest ignition-point recorded was 5010 C. at three atmospheres' pressure after a lag of fifteen seconds.
When the presence of the oxygen is reduced the ignition-points rise until a maximum is reached at about half an atmosphere. From this point the ignition-points fall rapidly as the Ibid., pp 24, 25. pressure is reduced to 100 mm. of mercury, but at this low pressure the gas does not ignite after three seconds' lag.
In the following table the mean ignition-points of ethylene in oxygen at different pressures are recorded with the several pre-flame intervals or "lags":- 
525
...
501
-Experiments in the ignition of propylene in oxygen were carried out in the same manner as those for ethylene. The gas was caused to issue through a narrow central tube, with 2 mm. orifices in the centre of a large cylinder fed with a stream of oxygen from below.
The cylinder heated by an electric furnace is packed in a strong steel case so that the pressure of oxygen may be varied. The heated oxygen is continually drawn off from the top of the furnace so that the atmosphere round the central tube is constantly renewed with fresh oxygen. After each ignition the products of combustion are drawn away with the excess of oxygen, and time is allowed for the central jet to cool down after the flame is extinguished. Propylene for these experiments was obtained from three sources:
(1) Prepared and compressed in steel bottles by a private firm.
(2) Prepared in Professor Dixon's laboratory by passing iso-propyl alcohol over P205 in an iron tube.
(3) Prepared in the same way from normal propyl alcohol. As the first portion coming from the bottle appeared to ignite at a lower temperature than the later portions Professor Dixon prepared samples of the gas from isopropyl and from normal propyl alcohol, passing the vapors over heated P205 on pumice in an iron tube at temperatures varying from 260Q to 3400 C. In each experiment some of the alcohol came through undecomposed and was collected in a condenser kept well cooled with ice and salt, and in each case a second liquid was collected. This liquid boiled between 820 and 83°C. and was an ether; its boiling point corresponds with that of mixed propyl-isopropyl ether. The propylene which was thus collected had practically the same ignition point as the later portions of the gas from the steel bottles. The propylene when tested in the concentric tube apparatus was found to behave like ethylene towards oxygen, i.e., the ignition point rose when the pressure was decreased and reached a maximum at about half an atmosphere's pressure. From this point the ignition temperature fell until at 50 mm. pressure the propylene lit at the same temperature as at the normal atmospheric pressure of 760 mm.
The ignition points found for propylene were all lower than that of ethylene, the difference being greatest at the maximum ignition point under 400 mm. pressure. The lowest ignition for propylene in oxygen occurred with 400 mm. pressure after a lag of twenty-five seconds, viz., 515°C. When propylene is heate,d in an atmosphere of air, higher temperatures are needed for ignition, the ignition point at normal pressure being 6180 C. In air the maximum is found near 300 mm. pressure, 663°C.
Experiments which have been begun in an atmosphere of nitrous oxide show that the ignition points of ethylene and of propylene are lower in that gas than in oxygen.
Ether, Professor Dixon found to give curious results with his concentric tube apparatus.
"You may get, he says, a low ignition with a short 'lag,' e.g., 2200 to 2600 C., and then as the temperature is raised the 'lag' increases until the vapour refuses to light at all; when the temperature is raised to 5000 or 600' C. ignition again begins and the 'lag' shortens.
Obviously the vapour is decomposed in the narrow silica tube, and if the gas is collected, after passing through, it is found to consist mainly of methane, ethylene, hydrogen and carbon monoxide." These experiments point to two possible dangers in practice which would not, I think, have occurred to the minds of most practising antesthetists, viz., that the risk of inflammability with ethylene, acetylene and propylene is increased by using them under pressure, and that it is increased if they are used in conjunction with nitrous oxide gas-the latter fact is, I think, especially surprising as one would naturally have expected the inflammability to have been greatest when the anesthetic was used, as it generally is, in conjunction with large proportions of oxygen.
In conclusion, with regard to the Committee's work on ether. This is still in progress and therefore no final statement can be made, but one important conclusion seems already pretty certain, viz., that ether is really an anesthetic and the purer the ether the better the anesthetic. This is at variance with the findings of some investigators, particularly Cotton across the Atlantic and Mackenzie Wallis in this country, who have appeared to find only in the impurities of ether its sources of narcosis. Formidable among these impurities are the peroxides. With regard to these, Mr. Henry King has supplied the Committee with this summary:-Historical.-Sch6nbein, in 1851, first showed that an oxidizing substance was present in ether which had been exposed to the action of air and light. This has been confirmed by numerous other observers since, although its exact nature has only been discovered during the past year by Wieland and Wingler (Annalen, 1923, 431, p. 301 ). Previously the oxidizing properties were attributed to a variety of substances such as ozone (Schonbein), hydrogen peroxide (Richardson), acetic peroxide (Nef), ethyl peroxide (C2H5)40.., (Berthelot), and ethoxyethyl hydrogen peroxide (Clowes).
'Wieland and Wingler found that hydrogen peroxide and acetaldehyde react with production of dihydroxyethyl peroxide-2CH8..CHO + H202 = CH2.CHOH.O.O.CHOH.CH3 and this substance was shown to be identical with the oxidizing substance found in ether. Its formation from ether in the presence of air and light is thought to take the following course. A molecule of ether reacts in the presence of sunlight with a molecule of oxygen with production of hydrogen peroxide and vinyl ether-CH8.CH2.0.CH2.CH8 + 02 = CH2:CH.O.CH2.CH.2. + H202 Vinyl ether then undergoes hydrolytic fission in the presence of water giving alcohol and acetaldehyde-CH2: CH.O.CH2.CH2 + HOH = C1H2: CHOH + HOCH2.CH1
CH3.CHO The two substances acetaldehyde and hydrogen peroxide are now present and react as shown in the first equation. The views of Wieland and Wingler seem to accord well with the mass of facts compiled on the autoxidation of ether by Baskerville and Hamor (J. Ind. Eng. Chem., 1911, 3, p. 301) and with the recent experiments of Clowes on the autoxidation of ethyl ether (J. Amer. Chem. Soc., 1923 , 44, p. 1107 ).
Points of Practical Interest.-The occurrence of peroxides in aniesthetic ethers is rare because the latter are usually supplied by the manufacturers in sealed phials or tins containing a minimum amount of air. Peroxides appear in ether contained in badly stoppered containers, and factors favourable for the production of peroxides are, exposure to light and contact with air. Such ether. containing peroxides, is said to cause coughing, suffocation and even dangerous after-effects (Buxton's "Anesthetics," 1907, p. 117) and when allowed to evaporate in an open vessel leaves behind a less volatile liquid residue which possesses a very pungent odour. Baskerville and Hamor recommend that ether for aniesthetic purposes " should be kept in completely filled, well stoppered dry glass bottles, preferably made of blue, green or brown glass, excluded from light in cool places and kept over mercury or preferably sodium."
Ether for anaesthesia, about which there is any doubt, should be tested for peroxides or acetaldehyde. Ether containing peroxides can be purified by distillation over lime, caustic soda, or sodium. Finally, I may say that from their experience of acetylene the Committee see no reason to recommend it as an antesthetic. One of their chief objections to this drug is the impossibility of freeing it from acetone. Various efforts have been made in this direction but the conclusion come to is that the acetone can be effectually removed only by a system of washing through a tower fitted with blades or bearing rings of inert metal down which a thin stream of water is running. This is scarcely practicable in ordinary clinical work.
Discussion.-Professor J. S. HALDANE said that the paper brought anesthesia into close association with coal-mining and its problems. Nitrogen as an impurity in nitrous oxide reminded him of the difficulty caused by that element in mine-rescue apparatus, which was a closed system of breathing, oxygen being supplied from a cylinder. If nitrogen was present, it gradually accumulated in the bag until it became suffocating, and there might be a fatal result, as the miner might be half a mile from the surface. Stringent regulations were therefore made about the oxygen being pure. Now it was obtained with less than I per cent. of nitrogen. In the case of nitrous oxide he believed the nitrogen was dissolved in it. He used to think that if one took carbonic acid from a cylinder after one had blown out the top part, a gas free from oxygen would be obtained. But it was not so; there was always air dissolved in the liquid C02, and it came out of the cylinder to the end. That led to a curious mistake. Professor Buckmaster thought CO2 produced a spectrum like oxyhemoglobin, but with pure C02 there was no such spectrum. Before the invention of the safety lamp, miners used a lamp which was turned round and caused a shower of sparks. They went into an explosive atmosphere, turning this for light. The spark, though its temperature was high, was unable to ignite inethane; a hot surface was a very different thing from a spark. It was very necessary that the conditions required for an explosion should be realized. Thus the lowering of the percentage of oxygen would stop an explosion ; it was very important to know whether an explosion would pass down a patient's throat. He was experimenting with Professor Lorrain Smith, of Edinburgh. There was a bag of pure hydrogen, and they wanted to see how long it took to feel the effects; Professor Lorrain Smith was to stop as soon as he felt anything abnormal. Suddenly that gentlemen went over backwards off the stool, and he (the speaker) caught hiim in his arms. He (Professor Haldane) then recognized that he himself had a lighted cigarette in his hand, but luckily it did not ignite the mixture down Professor Lorrain Smith's throat.
Dr. McKEssoN said it was a lamentable fact that the fall in the price of nitrous oxide had to be used as a signal to keep a watch on the quality, as there might be a neglect of thorough washing of the gas, so as to add to the profits. In the United States such a period was now being passed through. His tests were the clinical reaction of the patient, and what his own nose told him. If the smell was not the right one, and especially if the odour was well marked, he did not use that supply. If the odour was slightly different from the normal, he might use it, but if the patient exhibited any abnormal symptom he at once turned off the tap. This was important, as he believed it was not yet known what were the reactions of gases under high pressures. It was also important to ascertain if re-breathing was used, and what was the solubility of nitrogen in the body compared with the solubility of nitrous oxide. Nitrogen was not a good aniesthetic, and it certainly interfered with the normal action of nitrous oxide when the latter was used as an ana-sthetic.
In the United States there had been cases of fires in patients' respiratory passages, and in a very few instances there had been explosions and fire had followed into the depths of the lung. There was a case of ether and air explosion which occurred in Iowa. The cautery was being applied in a case of carcinoma of the tongue, the patient having received ether with the open mask. The mask was removed from the patient's face and the cautery applied to the tongue. An explosion immediately followed, causing fracture of the base of the tongue, and forcing the eyes out of their sockets so that they rested on the cheeks, with a haemorrhage in the air-passages. Yet, unfortunately, the patient lingered some hours before succumbing.
Dr. WESLEY BOURNE said he had spoken on the subject at Glasgow, following on some work done in the Department of Pharmacology, when known quantities of irnpurity were added to pure anaesthetic ether. The eftects of these mixtures were studied in the dog in respect of blood-pressure and recovery. Acid aldehyde, to the extent of less than 1 per cent., did no appreciable harm. The experiments were long ones, extending over three hours. Less than 7-per cent. of ether peroxide caused no noticeable harlml, but up to 5 per cent. there was a definite effect on the blood-pressure. Sulphur compounds produced a foul odour. Ether mercaptan up to 1 per cent. did no harm at all. Ether sulphide produced a delayed poisoning which affected the alimentary canal; there was severe gastro-enteritis. Ketones were indifferent up to 5 per cent. and for three hours.
Dr. F. H. MCMECHAN said there had recently occurred in the United States an interesting series of cases bearing on purity of nitrous oxide. He was sure the finer chemical tests would show the presence of nitric oxide. A chemist in the United States had discovered that nitrous oxide underwent decomposition in the fourth stage of compression in the cylinder on account of the temperature, which might be in the neighbourhood of 8000 at that time. In order to eliminate any nitric oxide which might be formed at that point, the manufacturer had introduced Priestley's old method of reducing nitric oxide back to nitrous oxide by the presence of finely-divided metal. Recently the container for this was thought to be cumbersome, and so the body of finely-divided metal was cut down. Therefore the first batch of gas which went through, under the new conditions, gave identical results in the hands of four independent anesthetists, namely, an absence of the cyanosis usually accompanying the drug until the thirty-fifth minute of the anaesthesia. Most of the observers were using the sanme type of apparatus. The gas was then examined and was found to contain minute traces of nitric oxide, though it probably would have passed all the Government standards. Oxygen did not relieve this lividity. He therefore hoped that the Committee, in its final report, would be very exigent about the elimination of nitric acid as an impurity. The standard of nitrous oxide purity in the United States was too low; 95 per cent. purity was not compatible with the best type of nitrous oxide aniesthesia; it should reach 98 or 99 per cent. The administration of nitrous oxide of a purity short of that became a difficult method of anesthesia, especially for abdominal surgery. He would like to see standards of purity nmade extremely high, and to see manufacturers trying to live up to that ideal.
At a congress in Chicago the question was discussed as to what would happen to a patient who was submitted to ethylene-acetylene anesthesia if when returned to bed he were allowed to smoke a cigarette, as patients often wished to do. Such a patient was allowed to light a cigarette twenty minutes after the operation and an accident occurred. A dog was given this anmesthetic; afterwards a match was lighted and thrown near its muzzle and an explosion in the air followed. It was thus an unsafe thing to allow such a patient to smoke a cigarette.-Professor J. S. HALDANE said that there were serious casualties in coal mines from nitrous fumes, and he had carried out animal experiments dealing with the subject. The eyanosis was that which was associated with nitrites, and it was due to the presence of methamoglobin in the blood. It was not dangerous unless it became extreme. What he would lay stress upon was the danger of broncho-pneumonia of a fatal degree; the symptoms might not occur until twelve hours afterwards. This form of pneumonia was very deadly.
Dr. F. H. MCMECHAN said that in the cases of casualty occurring in the United States the patients had not developed broncho-pneumonia, but inusing the gas on guinea-pigs experimentally all had died in that condition.
Mr. G. WELLESLEY said he had taken a typical cylinder and worked down through every ounce. The first ounce contained an average of 8 per cent. of nitrogen, the second ounce 6 per cent., the third ounce 4 per cent., the fourth 4 per cent., the sixth 3 per cent., the seventh 2 per cent., and the remainder 2 per cent., though the thirtieth ounce gave only 1 per cent. nitrogen. There was an average of 2 per cent. throughout the cylinder. It would be easier to produce a purity of 98 per cent. than 95 per cent.
Dr. S. R. WILSON said that recently, in Liverpool, there occurred a death from acute fulminating pneumonia following eighteen hours after nitrous oxide administration; he did not know whether an analysis of the nitrous oxide used was made. He knew of two cases in which there was a fatal explosion in this country. One was at Birmingham, and in that case a bronchoseope was being used, and the vapour being inhaled exploded with a loud report. It did no harm beyond scorching the throat. In another case a flame reached the patient's mouth and the explosion ruptured the lung, death occurring from pulmonary hemorrhage. Twenty years ago, at the Manchester Dental Hospital, a complete chemical investigation was made of nitrous oxide, and reports of it were published in the dental journals of that time. The Committee's analysis closely agreed with the American analysis, except that in the American cases there was more definite evidence of impurity. When there were three or four mishaps in succession, the fault was more likely to lie with the gas than with the administrator. The smell varied a good deal. It was a mistake to rely too much on the smell, as after a few hours of work the sensitiveness of the nose became somewhat blunted.
Dr. F. H. McMEcHAN said that Professor Hallsley, of New Orleans, had done electrocardiographic work in connexion with propylene. This drug was used as an ane-sthetic in nine cases, in certain of which there was profound cardiac collapse after operation. He found in his laboratory that propylene, even in non-anmesthetic dosages, caused ectopic beats on the electro-cardiograph, and therefore Professor Hallsley had withdrawn his sanction of propylene as a clinical anesthetic. [July 15, 1926. Chairnan : DR. A. F. H. MCMECHAN. Dr. F. H. McMEcHAN (Chairman) said he would like to pay a tribute to the memory of one Englishman who to him had always stood for all that was best in anoesthesia, namely, Dr. John Snow. At one period in the history of anesthetics (about the time that Snow began his work) ansesthesia for surgical operations was on the point of being abandoned, because methods for its continuous administration had not been properly developed. Accordingly Snow made a wonderful study of respiration and of the diseases which might be caused by impure atmospheres. He went into his laboratory and, as a result, delivered back anmesthesia to the practice of medicine. Had it not been for Snow and his work on the subject he (the speaker) very much doubted whether there would have been anaesthesia as it was now known. Snow was the first of a group of men in the British Isles, in Canada and in the United States who had had the temerity to make research, both laboratory and clinical, serve the purpose of practical application.
On an Attempt to Alleviate the Acidosis of Aneesthesia.
By WESLEY BOURNE, M.D. (Montreal).
ACIDOSIS in anesthesia has attracted considerable attention during the past ten years.
After much speculation and some controversy it has been definitely established, and in mlany instances frequently corroborated, that a true acidosis occurs in the anesthesia of chloroform, *of ethyl chloride, of ether, and to a less degree in that of nitrous oxide, of ethylene and of acetylene. The measure of a true acidosis is a lowering of the alkali reserve of the blood accompanied by an increase in its hydrogen-ion concentration. (The names of those who ae responsible for this information are: Carter [1], Atkinson and Ets [2], Van Slyke, Austin and Cullen [3], Stehle, Bourne and Barbour [4], Leake, Leake and Koehler [5] , and Leake and Hertzman [6] . Again it has been shown by Stehle, Bourne and Barbour [4] , in the Department of Pharmacology of McGill University, that sodium and potassium are greatly increased in the urine after ether ansesthesia and more so when ether is preceded by morphine. Thus, it did appear that there occurs a neutralization of some acid or acids by these bases, and that the hypothesis of a compensatory migration of the alkali durirag anesthesia from the blood to the tissues could no longer be tenable. It next became desirable to know the acid or acids which passed out with the sodium and potassium, and further, if possible, to determine the source. Short [7] failed to find an increase of ketone bodies after anesthesia, and Leake, Leake and Koehler [5] could find no tendency to the accumulation of ketone bodies or lactic acid in the blood of dogs ansesthetized with ether or chloroform.
Stehle and myself presented data [8] which " indicate that the excess of base exereted after a period of ether or chloroform anesthesia is accompanied by an approximately equivalent quantity of phosphoric acid. The phosphoric acid appears to leave the muscles during the anesthesia and to sojourn in the liver until the resumption of kidney function after the recovery of the animal, when it is redistributed and partially excreted."
The ability of the liver to store this phosphoric acid seems to depend on the degree of depression of the kidney function, and, accordingly, on the depth of narcosis.
" When morphine is administered as a preliminary to etherization a marked excretion of phosphorus occurs as soon as the ether is begun. This is attributed to an action of the morphine upon the liver which renders it incapable of retaining phosphorus. It is suggested that the low alkali reserve and increased acidity of the blood in ether ansesthesia is due to the discharge of phosphoric acid from the muscles."
Our efforts have not been entirely devoted to laboratory work, for we have already published the details of observations on a series of human subjects operated upon at the Western
